angiogenesis. Epithelialization involves the proliferation and migration of epithelial cells across the wounded bed. Specific immune responses, including inflammatory cells, cytokines and extracellular matrix, are relevant to the healing of wound. Thus, understanding of the mechanism and process of prostatic urethra wound healing is critical to guide the clinical intervention to reduce LUTS post-operative complications.
Unfortunately, few studies have focused on this area.
In this study, we established TmLRP beagle models with different treatments. The process of re-epithelialization and changes of inflammatory response are assessed by haematoxylin and eosin (H&E) staining, immunohistochemical analysis and immunofluorescent staining.
Besides the in vivo experiment, we also identified the effect of DHT and AR signalling on prostate epithelial cells proliferation in vitro. In addition, the role of TNF-α was also investigated to explore the effect of inflammatory response activated by testosterone treatment on wound healing of prostate.
| MATERIALS AND METHODS

| Canines and treatments
A total of 24 healthy adult male beagles aged 2 years were obtained from Shanghai General Hospital. All procedures were done in accordance with guidelines of the Chinese Council on Animal Care. Protocols were approved by the Medical Science Ethics Committee of Shanghai General Hospital. The animals were randomly divided into 3 groups: testosterone group, finasteride group and control group. Animals in testosterone group and finasteride group were fed with 80 mg testosterone undecanoate (Catalent, France, Beinheim S. A.) for 1 week or finasteride (Merck & Co., Inc., Kenilworth, NJ, USA) at a dose of 0.5 mg kg −1 body weight per day for 3 months, respectively, before the TmLRP until they were killed.
| Androgen and estradiol determination
Blood was collected from the forelimb vein and centrifuged at 3000 r/ min for 20 minutes. The upper serum was collected and stored at −80°C for testosterone and DHT test. The resected prostate tissue samples subjected to TmLRP were cut into pieces on an icy table and 9 times the tissue weight of phosphate buffered solution (PBS) was added to each sample. The samples were homogenized in a Homogenate Machine Pro Scientific 200 (Pro Scientific Co., Inc.,
Oxford, CT, USA) and centrifuged at 3000 r min −1 for 20 minutes. The supernatant was used for protein quantification and to analyse the testosterone and DHT levels. The canine testosterone, canine dihydrotestosterone and canine estradiol ELISA Kit (Cusabio Biotech Co., Ltd., Wuhan, China) were used for testosterone, DHT and estradiol analysis in serum and prostate tissues.
| Cell lines and treatment
The WPMY-1 human prostate stromal cell line was commercially obtained from the American Type Culture Collection (ATCC) (Manassas, VA) and was maintained in Dulbecco's Minimal Essential Medium (DMEM). BPH-1 human prostate epithelial cell line was kindly provided by Dr. Ju Zhang (Nankai University, China) and was cultured in 
| Lentiviral infection of cells
The AR and TNFR1 shRNA lentivirus particles were obtained from GenePharma. Ltd (Shanghai, China). The sequences of the AR and TNFR1 shRNAs are listed in Table S1 . were added to the cell culture medium in the presence of polybrene (μg mL ) to incubate for 24 hours. Cells were refreshed with culture medium and cultured for another 3 days to allow target protein expression. Fluorescence microscopy was used to monitor the infection efficiency via checking the green fluorescence signal. AR expression was tested by western blot.
| RNA extraction and quantitative real-time PCR analysis
The animals were killed, and total RNAs were isolated from fresh prostate tissue using TRIzol reagent (Invitrogen, USA) according to the manufacturer's instructions. One milligram of total RNA was subjected to reverse transcription using PrimeScript™ RT Master Mix (Takara, Japan). Quantitative real-time PCR (qRT-PCR) was conducted using a QuantStudio™ 6 Flex Real-Time PCR System with SYBR green to determine the genes mRNA expression levels. Primers used were concluded in Table S1 . Expression levels were normalized to the expression of GAPDH RNA.
| Cytokine detection in urine and cell supernatants by ELISA
Conditioned medium was collected from THP-1 culture after the incubations described above. The cytokine (TNF-α) in the supernatants was determined using a commercial ELISA kit (R&D Diagnostics, MN, USA).
The assay was performed according to manufacturers' instructions.
For detection of urine TNF-α production, morning urine samples were collected from each canine through the bladder fistula on days 3, 5, 7, 10, 14, 21, 28, and before the thulium laser surgery. The urine samples were centrifuged at 1000 × g for 5 minutes and the supernatant was used for analysis. Urinary TNF-α quantification was assessed by ELISA commercial kit, which is specific for canine TNF-α evaluation (RayBiotech, Inc., Norcross GA, USA).
| Tissue and cell lysis and Western blot analysis
Primary antibodies were p21, p27, SAPK/JNK, Phospho-SAPK/JNK (Thr183/Tyr185), GAPDH (Cell Signaling); c-myc, cyclin D1, TNF-α, TNFR1, β-catenin, Histone H3 (Abcam).
Cells were lysed in RIPA (1% sodium deoxycholate, 0.1% SDS, 1%
Triton X-100, 10 mM Tris-HCl [pH 8.0], 0.14 M NaCl) with protease and phosphatase inhibitors. Nuclear extracts were prepared as described previously. 11 Lysates were centrifuged at 12 000 g for 15 minutes at 
| In vitro growth assays
| Immunohistochemistry and immunofluorescence assays
Prostate tissues were collected from canines after being killed and 
| Wound-healing assays
Cells were seeded in 6-well plates in RPMI 1640 with 5% FBS. After overnight attachment and growth, cells were starved in serumfree RPMI medium for 24 hours before incubation with or without 10 nM DHT or TNF-α. The cell sheets were wounded with a plastic pipette tip when they attained a confluent monolayer. This generated a gap in the monolayer, and the ability of cells to migrate into the cleared section was observed and recorded photographically at different times at fixed points in the wound. All the experiments were done in triplicate.
| Assay of collagen gel contraction
The contractile activity of fibroblasts cultured on type I rat tail collagen was assessed according to previous established assay. 13 Briefly, to form the gel disc, WPMY-1-AR or human primary prostate stromal cell was re-suspended in 400 μl DMEM (with 5% charcoal-stripped FBS)
at the concentration of 3 × 10 6 cells per mL and mixed with 200 μL collagen suspension (3 mg mL ) or vehicle (0.1% BSA). After stimulation, the diameter of the gels was determined using Image-Pro Plus at 24, 48 and 72 hours.
| Patient treatment and urine cytokine detection
Urine cytokine was determined in patients undergoing TmLRP for treatment of BPH at Shanghai General Hospital from May 2015 to January 2017. In total, 50 patients were enrolled in our study. Twentyfive patients who had taken finasteride (5mg, po, Qd) regularly for more than 3 months were set as the finasteride group. Another 25 patients who had never taken finasteride were set as the control group.
Morning urine samples were collected from each patient before the surgery and in 6 days after the surgery. The urine specimens were centrifuged at 1000 × g for 5 min, and the supernatant was used for analysis. Urinary inflammatory cytokine quantification was assessed by ELISA using commercial kits for human IL-6, IL-12 and TNF-α (RayBiotech, Inc., Norcross GA, USA). Written informed consent was obtained from the each participant prior to enrollment, and approval for the study was obtained from the Ethics Committee of the Shanghai General Hospital.
| Statistics
The data are presented as mean ± SEM unless specified. For parametric analyses, 2-tailed Student's t test or one-way ANOVA was used.
For nonparametric analyses, Mann-Whitney U test was used. All statistical calculations were performed with the Statistical Package for Serum testosterone and DHT level were measured before and after finasteride or testosterone treatment (Table 1) . No differences were observed in serum testosterone and DHT before canines received testosterone or finasteride ( Figure 1C ). After drug treatment, both serum and intra-prostatic testosterone and DHT significantly increased in testosterone group, with serum DHT decreased in finasteride group ( Figure 1D ). Intra-prostatic testosterone and DHT were also determined after treatment. When compared with control group, testosterone treatment increased testosterone and DHT, while finasteride treatment decreased DHT level. Significant testosterone increase was observed in finasteride group. We assumed that this is the result of reciprocal increase by blocking the conversion of testosterone to DHT ( Figure 1E ). Previous studies showed that finasteride treatment could affect serum estradiol, which plays an important role in the aetiology of BPH through intra-prostatic oestrogen receptors. 14 We observed higher level of estradiol in finasteride treated beagles compared with other groups. However, there is no significant intra-prostatic estradiol difference among 3 groups. We speculate that estradiol is not a predominant factor involved in prostate re-epithelialization ( Figure S1 ). 
| DHT
| Testosterone treatment increased inflammation and enhanced TNF-α creation in wounds
Inflammation also plays an important role in wound healing. M1 macrophages, which may contribute to the impairment of wound healing, are characterized as pro-inflammatory macrophages. We stained M1 macrophages with CD 86 + primary antibodies and found that M1 macrophages were significantly reduced in finasteride and control group, especially in first and second week. The amount of M1 macrophages was even lower in finasteride group than control group ( Figure 3A ).
As M1 macrophages are main source of TNF-α, we measured TNF-α production in wound. Immunohistochemistry analysis manifested that TNF-α protein level was increased in testosterone group when compared with finasteride and control group in 1-2 weeks ( Figure 3B ).
Similarly, real-time PCR and western blot analysis also revealed that the expression of TNF-α increased in the wounds of the testosterone group in 1-3 weeks. At the same time, TNF-α expression was reduced in finasteride group when compared with control group, especially in first and second week ( Figure 3C ). In addition, we found that TNF-α was remarkably reduced in urine, especially in the early stage (day 3 to day 5) in finasteride group, whereas testosterone treatment immensely enhanced and prolonged TNF-α creation ( Figure 3D ). We also found that urine TNF-α, IL-6 and IL-12, mainly released by M1
were significantly lower post-operatively in patients taking finasteride ( Figure 3E ). This effect may be partially due to the effect that DHT could activate secretion of macrophages through AR. To test this, AR was successfully knockdown in THP-1 cells, termed as THP-1-shAR (data not shown). Then, TNF-α production in culture media of LPSstimulated THP-1 and THP-1-shAR treated with or without DHT was determined by ELISA. As Figure 3F shows, TNF-α production 
| TNF-α suppressed proliferation and retarded migration of prostate epithelial cells through TNFR1
Previous study revealed that pathological level (100 ng mL ) had no effect on proliferation of prostate epithelial cells, whereas TNF-α at higher level (50 ng mL
) inhibited cell growth through reducing the expression of β-catenin and cyclin D1 ( Figure 4A,B) . This effect can be interrupted by knockdown of TNFR1 ( Figure 4A ,B). As TNFR1 is known to promote cell death, we also explored the role of TNF-α on apoptosis. No notable apoptosis of PrEC was induced by 50 ng mL −1 TNF-α, which is in line with the previous study ( Figure 4C ). 17 Lastly, we asked whether TNF-α effected migration of epithelial cells. Wound closure model in the presence or absence of 20 ng mL −1 TNF-α showed that TNF-α prevented wounds closure, but TNF-α showed loss of the inhibitory effect on wound closure of cells lack TNFR1 ( Figure 4D ).
| Fibroblast activation and wound contraction are suppressed by TNF-α
As an active phenotype of fibroblasts, myofibroblast is characterized as the expression of a-smooth muscle actin (α-SMA). The increased level of α-SMA found in myofibroblast is potentially important for the contractile features of these cells under the condition of normal tissue repairment.
Desmouliere et al 18 reported that TGF-β induces α-SMA expression in human dermal fibroblasts. We found TGF-β could also increase the α-
SMA expression in prostate fibroblast cells (WPMY-AR and PrSC-AR)
( Figure 5A ). However, treated with both TGF-β (1 ng mL
) and TNF-α (5 ng mL
) could reverse the ability of TGF-β to up-regulate α-SMA, indicating that TNF-α has antagonistic activity against TGF-β in prostate fibroblasts ( Figure 5A,B) . It is reported that recruitment of tumour necrosis factor receptor-associated factor family members activates multiple α-SMA expression. 19 As shown in Figure 5C , TNF-α treatment leads to phosphorylation of JNK, and blockade of JNK pathway by SP600125 (30 mM) reversed suppression effect of TNF-α on α-SMA ( Figure 5D ).
Collagen gel contraction mediated by WPMY-AR and PrSC-AR was inhibited by 68.4% and 48.1% when treated with TNF-α ( Figure 5E ).
Wound-healing assays also revealed the inhibition role of TNF-α on prostate fibroblasts ( Figure 5F ). Intriguingly, no difference was observed in fibroblasts added with DHT ( Figure 5A ,B and D,F). In conclusion, we
showed that TNF-α, instead of DHT, impairs wound-healing responses of prostate fibroblasts.
| DISCUSSION
Although TURP or TmLRP significantly reduces complications of BPH, post-operative complications such as urinary tract infection, urinary frequency, urgency, urodynia and haemorrhage sometimes happen before complete re-epithelialization of the prostatic epithelium.
Therefore, understanding of wound healing of prostatic urethra and developing the administration and intervention strategies to accelerate wound-healing process after TURP or TmLRP is of great value.
Previous studies revealed that wound healing of elderly males were slower than females, with reduced matrix deposition and an enhanced inflammatory response, 20 indicating that androgen has a negative impact on the cutaneous wound healing. In line with these results, the general AR knockout (ARKO) mice showed faster healing of the cutaneous wounds and collagen deposition and reduced inflammation than wild-type mice, suggesting a pivotal role of AR signalling in suppressing wound healing. 21 Prostate is a sex steroid hormone reactive organ. Circulating testosterone primarily derived from both testes and adrenal cortex is necessary for the gland development, maintenance, and function. Similar with cutaneous wound healing, 3 overlapping cell functions, proliferation, migration and differentiation, are thought to be responsible for the process of re-epithelialization. 24 Till now, a large number of independent groups have clarified AR and AR signalling as suppressor of proliferation of prostate epithelial cells.
25-28
The secretory-luminal cells are the most majority cell type within an adult prostate epithelial stem cell unit. 12 However, these terminal differentiated expressing AR are usually proliferative quiescent, based on the observation that only <1% of prostate epithelial cells are proliferative. 29 Furthermore, the studies of selective AR knock out by transgenic technique in mouse secretory-luminal cells revealed that AR deficiency contributed to the hyperplasia of prostate epithelium. healing. An excessive or aberrant inflammatory response is recognized as a major contributing factor to delayed healing in both animal and human models. It is reported that greater and prolonged infiltration by inflammatory M1 contributed to the impairment of wound healing. 41 We found extended duration of inflammatory phase in tissues of testosterone supplement group, related with retarded re-epithelialization in prostate.
TNF-α is a regulator of angiogenesis, inflammation and fibroplasia during repair, and M1 macrophages are main source of TNF-α.
Ashcroft et al 20 observed dampened inflammatory response and reduced TNF-α tissue expression in castrated animals, which was the first report of the association between TNF-α and androgen.
Apart from that, AR blockade by flutamide accelerated the healing response in a similar fashion to castration, indicating that AR activation suppressed wound healing by enhancing local TNF-α expression. 20 Similar results were also observed in our study that 42, 44 Similar to the previous study, 21 we found DHT increased TNF-α secretion of human macrophages activated by LPS, and this effect can be weakened by AR knockdown.
As a potent inflammatory cytokine expressed during the inflammatory phase of wound healing, TNF-α inhibited production of α-smooth muscle actin (α-SMA) and cell migration and contraction. Activation of JNK pathway and subsequently smad3 phosphorylation reduction contributed to this effect in other type of fibroblasts. 19, 45 We observed similar effect in prostate fibroblasts, and this effect was inhibited by JNK inhibitor SP600125. In addition, TNF-α inhibited proliferation and migration of prostate epithelial cells though TNFR1. These effects were also true in other types of epithelial cells. 15, 46 Taken together, TNF-α secreted by macrophages may be also a key factor in attenuating the process of prostatic wound healing.
Different from castration, finasteride does not block androgen biological synthesis. There is still significant level of circulating and intra-prostate testosterone and DHT ( Figure 1C-E) . Finasteride significantly reduced DHT level, with increased level of testosterone. In combination of our in vitro study, these results indicate that it is DHT, not testosterone, worsens prostate re-epithelialization and promotes inflammation. Two 5alpha-reductase isozymes exist in human body, as type I 5alpha-reductase predominantly expresses in liver and skin and type II 5alpha-reductase primarily expresses in prostate. In situ hybridization and immunohistochemical localization studies showed that stromal cells and basal epithelium of the prostate maintained high level of type II 55alpha-reductase. 47 It is reasonable that testosterone to DHT conversion is significantly suppressed in the basal cell layer and stromal cells, contributing to the accelerated wound healing. Also, finasteride treatment would reduce the number of blood vessels in the prostate, resulting in less inflammatory cell infiltration and acute inflammatory exudation. The improved wound condition may promote re-epithelialization of prostatic urethra after surgery.
Some issues exist and need to be further investigated. We observed increased level of serum estradiol after finasteride treatment ( Figure S1 ). Although intra-prostatic estradiol did not change, the effect of circulating estradiol on prostate wound healing is still unknown.
As substantial studies showed that estradiol played a pivotal role in wound healing, it is interesting for further research focus on this field.
To conclude, we provide evidence that DHT performs key func- 
